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AIRPLANE (AAF NO. l|2-68889) IN ACCELER/TED ROLLING 
MANEm^ERS B/SED ON FLIGHT TESTS l^/ITE 
TWO VERTIC.:L.T.aL ARR.INGEMENTS 
By Harold I. Johnson 



INTRODUCTION 



At the request of the Army Air Forces, Air Technical 
Service Command, extensive flight tests are being made at 
the NACA with a P-65A-I airplane. One phase of these 
tests Is concerned with the directional characteristics 
of the airplane because it was found that the original 
vertical tall did not provide a sufficient degree of 
directional stability. To Improve this characteristic 
an enlarged vertical tail was designed and built. Identical 
directional-stability tests were run with both the 
original and the enlarged vertical tails Installed on 
the airplane. These tests included measurements of the 
amount of sideslip developed In abrupt rudder-fixed 
aileron rolls from pull-outs and steady turns at various 
speeds and normial accelerations. 

A recent analysis (reference 1) indicates that vary 
large vertical-tail loads may occur in accelerated rolling 
maneuvers depending on the aileron power and directional 
stability of an airplane. For this reason estimates were 
made of the vert ic al- t all loads expected to be encountered 
by P-65 airplanes in such maneuvers. Since data on the 
yaw characteristics of the airplane were available for two 
different vertical-tail installations, it was possible to 
study the effect of directional stability on the vertical- 
tall loads in rolling maneuvers. The results of this 
study are presented herein. It is believed these results 
throw light on the cause for vertical-tail failures and 
fuselage torsional failures which have been encountered 
recently with some P-65 airplanes. 
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AIRPLANE /.ND INSTRJMEFT IHST/XL/.TION 



General dirrensions of the P-65 alrpl&ne ar^e listed 
In ^ the appendix of reference 2, Side views of the 
P-6;'/.-l airplane tested, Vvith both the Ox^iginal and 
enlarged vertical tails installed, are shown in figures 1 
and 2. respectively. Detail pictures of the two vertical 
tails ax^e given in figure 5 whei-eas figure ij. is s line 
drawing whicn brings out the size and. shape relationships 
of the tv;o vertical tails tested. The following table 
contains najor dimensions of the original and enlarged 
vertical tail surfaces. 



TABLE I.- DIMENSIONAL CHARACTERISTICS Or VERTICAL TAILS 
TESTED ON P-6$A-1 ATRPLA^IS ( AAF NOo 1-2-60869). 





Over-all 

height . 


1 

Total 
area 
( sq ft) 


Fixed Total 
fin rudder 
area | area 
( sq ft) 1 ( sq ft) 


Rudder area 
forvvard of 
hinge g 
( sq^ ft) 


Rudder area j 
art of i 
hinge € 
( sq ft) 


Oririnal 

Enlarged 

i — : 


76. £7 


23.73 
26.58 


i 

13. U7 j 10.26 
15.96 j 10.62 


1.96 
1.97 


6.30 
6 . 65 

i 



Automatically recording aL^iCA flight ins trurrients were 
used to record airspeed, sideslip angle, the positions of 
the Lhree flight controls^, the three components of 
acceleration, rolling velocity, yawing velocity, elevator 
stick force, and rudder pedal force. 

The airspeed pltct-static head was mounted on the 
end of a boom -1 chord length ahead of the right wing,-: 
near the wing tip. (See figo lo) Service . Indicated 
airspeed is used throughout this report. This airspeed 
is the reading of a standard Arm^y-Navy airspeed rnetei- 
connected to a pitot-static system that is free from- 
position error, and has the definition 

Vis = fcVq~ 
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where 

V-|2 service indicated airspeed, railes per hour 

fo standard sea-level compressibility correction 

factor 

Qq difference between total-head and static pressure 

corrected for pitot-stablc position error^ 
inches of water 

Sideslip angle wrs mersured by neans of a vane^ free 
to line up with the relative wina, located on the end of 
a boom 1 chord length ahead of tne left wing, near the 
Vising tip. 

Control- position recorderj Vvere connected directly 
to the elevator, rudaer, and each aileron. 



TESTS AND EVALUATICN OF D/TA 



Abrupt rudder-fixed aileron rolls were made during 
5g pull-outs at service indicated airspeeds of approximately 
200, 250, and ^00 miles per hour at 5OOO feet altitude. 
At - 250 miles per hour, rolls were also made from 

level flight and from 2g and I|_g pull-outs. In all these 
tests, the propeller thrust coefficient and blade angle 
were held constant at the values determined by using 
normal rated power (26OO rpm, 1|.5 Inches lig, ^ IO5O horsepower) 
at the indicated airspeed of 3OO miles per hour. Various 
aileron deflections, set by a chain from the stick grip 
to the side of the pilot »s compartment, vv^ere used to produce 
rolls in each test condition. A time history of a typical 
roll from a 3g pull-cut is shown in figure 5. A limited 
number of rolls from steady turns wa« also mc?de, but the 
daca are not used in this report because it was found that, 
for comparable initial test conditions and wvithin the 
accuracy of the measurements, the same amount of sideslip 
was obtained for a given aileron deflection in rolls from 
either turns or pull-outs. 

The data obtained in the rolls from pull-outs were 
plotted as the ratio of maximum change in sideslip angle 
divided by the airplane normal^-f orce coefficient against 
change in total aileron angle producing the roll. The 
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airplane norrriEl-rorce ccefficlent was celculated from the 
average speed and norm.'^l accelerat3-on occurring in each 
roll. This method of data evaluation was chosen because 
theory indicates the primary yawing moments in rudder-fixed 
rolls vary directlj^ vvlth airplane normal- force coefficient; 
therefore the maximum sideslip angles reached in rudder- 
fixed aileron rolls would be expected to vai^y almost 
directly with airplane normal-force coefficient. 

pj.gure 6 shows the data resulting from the rolls out 
of 3g pull-outs at = 200, 23O, and 500 miles per 

nour for both tne original and enlarged vertical tails. 
Figure 7 is a similar collection of data obtained from 
the rolls v/ith 1, 2, 9, and l^g normal acceleration 
at Vi^ - 2^0 mAlcs per hour. Examination of the data 
and comparison of the slopes of the curves of figures 6 
and 7 indicate the directional stability of the airplane 
is essentially constant over tne entire range of speeds 
and accelerations covered; also that the directional 
stability o. the airplane was increased approximately 
60 percent by the installation of the enlarged vertical 
tail. 



G/LCULATION OP V5:;>TI0 AI> T/.TL LO.^DS 



Estimates of the maximum vertic al- t ail loads to be 
expected in rudder-fixed aileron rolls during accelerated 
flight, usin,:, an aileron stick force of 50 pounds, are 
presented in figure 8. The curve of aileron deflection 
possible with 50 pounas stick force was taken from previous 
tRr.t data and vms extrapolated from VI3 - 515 to 
Vig = 14.50 miles per hour for calculation purposes. 
The average slopes of the faired curves of chrnge in 
sideslip angle divided by airplane normal force coefficient 
against change in total aileron angle (figs. 6 and 7) 
over a range' of total aileron deflection of ±10^ 
were used bo estimate the maxim^oin sideslip angles to be 
expectea. Fc^r this purpose the airplane gross weight was 
taken as 785O pounds. The maximiom vertical-tail loads 
were calculated by estimating the slopes of the normal- 
force coefficient' versus angle-of-sideslip curves of both 
vertical tails, then multiplying them by the respective 
maximum sideslip angles, vertical*- tall areas, and 
free-stream im.pact pressure. The small effect of yawing 
velocity during the m.aneuver was neglected in calculating 
the tail load. The slopes of the normal-force coefficient 
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versus ?ngle-of~ sideslip curves for the original and 
enlarged vertical tails were esDimated to be 0.0i;.05 arc. 
0,.0517 P^"^ degree^ respectively. These vglues are basra 
on computed aspect ratios and a collection of wind-tunnel 
data. Load computations were carried out over the range 
of conditions where the vertical tails were assurried "co be 
in an unstalled condition. In this connection the stall 
angle of the enlarged vertical tail was assumed to be 
16^'^' It. was further assumed that ^bothf vert ica± 
tails were capable of producing the same maximum normal- 
force coefficient. These conditions fixed the stall angle 
of the original vertical tail at ZO^h.^^ ' 



DISCUSSION 



The estimates of vertical-tail loads in accelerated 
rolling maneuvers shown in figure 8 indicate that vertical- 
tail iio"^ds more critical than that calculated from, the gust 
design condition are liirely to occur on P-oJ airplanes in 
fast rolls made with normial accelerations above about 5g« 
This figure shows that the most critical speeds are not 
the highest speeds at v;hich the airolane would be flown 
but, rather, the interrredi a te speeds at which most flying 
is probably done. In this connection, it should be ^ 
possible to cover all the conditions of norm.al acceleration 
for which vertical-tail load calculations are shown in 
figure S without stalling the airplane wing, except 
Possibly at extreme altitude. The reason th^e vertic al - 1 ail 
load decreases with increasing soeed at a given normal 
acceleration and aileron control efforu is because the 
rollinfr: effectiveness in terms of the helix angle 5^ 

decreases with increasing s;'^eed. The data of figure 3 
also indicate that increasing the size and effectiveness 
of the vertical tail, and consequently the airectional 
stability of the airolane, reduces the maneuvering 
ver ti cal- tail loaas. This trend aopears logical for the 
following reason. Both vertical tails must balance out 
the same yawing m.cment due to aileron deflection and 
rolling, regardlers of the sideslio angles involved. 
IloVv-ever, the fact that the larger tail restricts the 
sideslip angles to sm.aller values means that it will not 
be required to balance out such large unstable fuselage 
and orooeller vawing mom.ents as will the smaller vertical 
tail. 



b 



MR Kg- lit^^Oa 



A comparison between the loaas ^calculated from th3 
gust design condition and those obtained in rolls is 
shown In fi;-urs 8. The horizontal line showing 
ICO percent "of the design load for the original vertical 
tail^'was determined by taking 1*5 times the predicted 
vertical-tail load caused by a sharp-edre gust of 
50 feot per second when the airplane Is flying at miaxlmum 
Dermis sible diving speed. If the same procedure were 
followed for the enlai-ged vertical tall, 100 percent of 
the desicrn load for the pus c condition, would be about 
3530 pounds Instead of 2I4.7O pounds. With a design 
strenr^th of 3550 rounds the vertical-tan 1 loads in 
aileron maneuvers would be relatively much less critical. 
It anpears the gust design condition generally fails to 
provide enough vertical-tail strength for rolling 
maneuvers, especially when uhe directional stability of 
the airplane is lov;. 

The balancing design condition, reauired about 
20 percent greater vertical-tall strength for net load 
in one direction than the gust conditiox.. in the case of 
the P-63 airolane but the gust conaition is used for 
comoariscn purposes because of the similarity of trie 
air-load distributions occurring in gusts and in rudder- 
fixed aileron rolls. Actually, In ste-tic tests conducted 
at Wright Field, the P-bJ vertical tail failed at 
105 percent of the balancing load, which represents a 
net loan of about 3IGO pounds in one direction. It is 
not knovTi what effect load distribution has on failure 
load for the F'-65 vertical ta.il; nowever, figure o 
indicates net loads in excess of 3IOC pounds would be 
encountered in abrupt rolling m.aneuvers with Ii-g or more 
norm.al acceleration on the aii'plan;^ in certain speed 
r-anges. The null-up condition required much less vertical 
tail strength^ than eith'^r the gust or balancing conditions 
Therefore, a need is indicated for the establishment of 
a new vertic al- t ail design load conaition wnich will 
logically relate vertical-tail strength to the aileron 
power and directional stability of alrnlanes. 

Emphasis has been placed on rudder-fixed rolling 
maneuvers in this report as opposed to coordinated use 
of the rudder and ailerons during violent lateral 
maneuvering. While it is true that proper use of the 



rudder v/ill tend Co reduce vertical-tail loads in rolling 
maneuvers to som.e extent, it appears that if rudder is 
used against the sideslip after some sideslipping has 
developed, the vertical-tall load may exceed that v;hich 
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would have occurred had the rudder been held fixed. It 
may also be noted that many airplanes have rudder forces 
v/hich are too heavy to permit correct rudder coordination 
in rolling maneuvers at any other than low speeds. 



CONCLUSIONS 



Based on the data and estim.ates of vertical-tail 
loads given in this reoort, the following conclusions 
may be dravvn; 

1. Vertical-tail loads m.ore critical than that 
imposed by any design condition ^.re likely to be 
encountered with P-bJ series air;jlanes in abrupt rolling 
maneuvers made with normal accelerations above Ij-g in 

the intermediate speed range. 

2. For a given normal acceleration ana aileron 
control effort, the likelihood of encountering critical 
vertical-tail loads in rolls decreases with increasing 
airsoeed so long as the vertical tail remains unstalled. 

3. Increasing the size and effectiveness of the 
vertical tail, and therefore the directional stability of 
an airplane, decreases the miaximijim vertical-tail loads in 
accelerated rolling mxaneuvers in the usual case where the 
fusel ac^e- vroceller combination is direction ally unstable. 

A nev/ loading condition for vertical-tail design 
strength appears necessary for highly maneuverable air- 
planes in order zo relate vertical-tail strength to the 
aileron -oower ana directional st -lability of the airplane. 

Langley Memorial Aeronautical Laboratory 

National Advisory Coirimittee for Aeronautics 
Langley Field, Va., November TQ]|)| 
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(b) Enlarged vertical tail. 

Figure 3.- Close-up views of original and enlarged vertical tails on 

P-63A-1 air Diane. 
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Figure 5, - Time history of typical rudder-fixed aileron roll frcxn 

3g pull-out. Bell P-63A-1 airplane, enlarged vertical 
tail, altitude = 500O feet, VI3 = 265 mph. 
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Figure 6 •- Reaulte of rudder-fixed rolls out of 3 g pull-outs at 
5000 feet aJtitude at various speeds using constant propeller 
blade angle and thrust coefficient. Bell P-63A-1 airplane 
(AAP No. 42-68886). (a) Original vertical tail. Dash line is 
faired curve for enlarged vertical tall shown in figure W). 
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(b) Enlarged vertical tail. Dash line is faired curve for original 
vertical tail shown in figure 

Figure 6 .- Concluded. 
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Figure 7 .- Results of rudder- fixed rolls out of pull~outB at 
various normal accelerations at an indicated speed of 
260 MPH at 5000 feet altitude using constant propeller blade 
angle and tnrust coefficient. Bell P-63A-1 airplane (AAF 
No. 42-688891. (a) Original vertical tail. Dash line is 
faired curve for enlarged vertical tail shown in figure Tb, . 
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(b) Enlarged vertical tail. Dash line is faired curve for 
original vertical tail shown in figure ?»• 

Figure 7 •- Concluded. 
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Figure 8 Estimated maximum vertical tail loads to be expected in 
rudder-fixed rolls during accelerated flight employing 50 pounds 
aileron stick force. 



